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ABSTRACT : 



PROBLEM TO BE SOLVED: To provide a design for a dynamo electric machine, which is 
capable of attaining high rotational speed, for example, at least 12,000 rpm, without 
encountering any problem associated with torque transmission or centrif ugation of a rotor. 

SOLUTION: This dynamo electric machine is one of embedded magnet and flux 
concentration type. A rotor 1 contains ferromagnetic sheets 3, assembled and retained on 
the shaft 2 with tie rods 6 which enclose each pole piece between lateral flanges 5. The 
machine contains intermediate flanges 7, with each pole piece being divided into several 
sectors 30A and 30B aligned axially and separated by the intermediate flange. A 
polygonal shaft 2 crosses each intermediate flange, passing through a central recess 70. 
Each intermediate flange is crossed by at least one tie rod 6 per pole piece. 



COPYRIGHT: (C)2000,JPO 



a»H*WIHW<JP> <12> & §^ ^ ^ (A) 



(ll)&lttflBI&l8## 
#^2000-152537 
(P2000-152537A) 
(43)&B!B «&12*P 5 J330B (2000. 5.30) 



(51)Inta. 7 
H0 2K 1/27 

1/28 



5 0 1 



F I 

H0 2K 1/27 
1/28 



5 0 1C 
5 0 IK 
A 



fSsRSlWSfc 8 OL ftBTOHiM (£ 13 I© 



(21)ffl»## IWPFH -322844 

m) am b wb i*piiji 12 b (1999. 11. 12) 

Gim&mmm* 9 8 14442 

(32) «fcB sp^lO*F11^13B(1998.11.13) 

(33) «Jfc#:£!RH (PR) 



(71) HiifflA 597117396 

i'a?^ v->x-? ry=A 

X-f*H 1762 
T-^Fl" HP' 30 

(72) $6W# tfX-J> VtV>* 

X-fXa 1740 M'Ja JPfrf* 7 s 
S^E> 3 
(74)f$8A 100092277 



(54) [38W©««c] n-*£iB?^te#!W®££ttfc*&ISW 



(57) 

Mttv— h3£-&*. ^C0>— h3(±v-^7b2±tM 
<?)-te^^3 0A. 3 0Bfc4Ht&*U Z.CD**U\m&i 




8 



!(2) 000-152537 (P2000-15J48 



C*fflF»*<Z>ifiBI3 

• (1 ) £<&n-**«: 

h (2) •e»-9TlWE<TUy^**8WaW7K0|!!«E 

• ^+7hftK«Jffltrt)»<0BtBfr (30) fcitf* 

&m (4) *«i*ai*^*-a , c»Bfr* t *h.^ 

WE (4) fcJR*LT^*»fc#i:, 

( 5 ) Hufes^7 h*«Wia«ilf7 9>'^fctt 

^feiufe**fL*a^*ClME79y^ ( 5 ) ZKM-fl 

• atamffla*: 9**< ii*^*-* » » h ( 6 ) 

EBEWte#f UT W»ifi:BflB*» AT . Wf B^-v 7 h #0 

m&mv ®4m&iiLxigA*mmfre>n.x . ^ 

7 htf>IEffi£Ji. .MEWir*^ 7 h«i (21) 
cOl-Ptflte-rS i 3 tel!OT3*ifclHWfc#j*W-*ll* 

[M88I14 3 iESiM^^ 7 M 2 ) <vfiBfcitt 

mmrh^mfmmm^istsmm 2 4*1*3 he 

[MRWC5] ^^7h**fi!lB75.y>'*5<0ia*5 < J:V"e 

l~4(OV^i*ft*»-3SfcK«<O^B. 
[«W8S6 ] h (3) >? 

*#U ^-h*^ J r7bOW^U"C{5t?EAT'3b 
«tt 1 ~ 5 OVv^^SfclBffeogB, 

[MRW173 'j?%<ti>im*m??yi? (7) & 

*«<0t?? (3 OA, 3 0B-) 
>Vfc£^X#ffitiixX&t) , &+7hiM>M&M'* 

T#* H7 5 yi>*awj 0 > #^^7 7 y ^jwawfi- 1 

fflSfc 94*Sr< t i> 1 #<0±f27-f n «/ b'fc J; -oXWM 

t>tix^m?m 1 ~6 cov^-«iA»-3Bfcia»«»a. 



[0001] 

■$-5 gnnfflS9(as< mmtix^z . 

[00023 

•~7l£Srt:9iJ«S:<i:*>l OkW. ^<«^-, "C'# 

tmm&*n< lx tfhTmumnffi* n^wtwx 

0 fc*-7 l £ Sfc 9 ilwSr < 1 1 2 5 a fcl* 3 o k wo 

mw-^mznt^^ -juottxnm&.nmwttz&^x 
[00033 ±ia^2-o;7)^ffi (i^mTjfciy^v^it 

tjaw-r* £ b immomjix hiv? s x<m%m 
*m^-t £ *wtg=5: i -3oiwtsifcft s . mwtti 

<o0*eaa*±H'* £ t immwimiz&K <z>mum 

[0004] 

(cS^fsnEXK. Mi{^=flr<fc t«bW2,600|lWg/^ 
[0005] 

'[SIHtlKfc^*jfc»0*R3*||?rr»4, 7^-7& 

tit&mmm&-mrcB&iziitei'*y}>x'&'? 
xm&^r u yrm&ts* 7 > oErtEws-a^rs 

^7bt. 



!(3) 000-1 52537 (P20O0-15|48 



WSMfck. 

■ ifrfa^^#fcfrl*I<a#«=& £ M® 7 5 > 

fo~>T „ mas* 7 htfmzw®7 9 yis&mbtuz 
k, 

4 £ k #T * S^^ayKtim, UrteMfciif LT 
[0006] 

k#T'#&. ^r7Ml |iI^tdifl/CltJI*RW*» 
fear. ^te±oT^S*ite¥iSt.#tr5l*<00« 

izM Lxm8%mmfr wit , me^ms^mm^w 

■v y h comw lot 4"0 k LTKKS ft* J: 3 fcBBH- 
f-/H?£{gji?-SkkU::. ^MBWc-HHca 

[0 0 0 7] 

h2isj:V<ruy^2 0i50ffi»^ 
H«tt^-h3**Jli*. #^-Wi^ 7 fettle** 

<o*u £ «hhh7 ? y y 5 fi®^t3 o sowait^as 

0 9 1 #<9:M n >y H 6 {£>-- h 3 <5D#«5r "9 S:K 
#^-b30¥@#ftftMffi3 2ten-?c9!|$£4' 

£>k btzBMX'h & . z. <mmm s 2 nm&voim&b* 

§.V^jS3 3#i&iye8ffi4 Ztiffirtl . 3 fete. S!5 
[0008]Mn>y F 6tt»<S*tC J: 9£t£J£?J£ 



7 F 2 tz 3: ^XMM^tiS.-o^^7h2l l zm^ti 
*#H»iftfcfWf3#l4 £ k -r,Xi"r7 b 2 k§&£ 

b 3 Kjni ijttoh&xvs^- b 3 g#c^fti> 

n-^iUf-^ (BRW) k 

TJ: 9*3 £^i3=5r 

JftfrT«WS fei^WR^iliRft A <* 

[0009] 3Sbfr , C»^-hOSIKt?ftft*fc«>fc:,- 1 
•3*fcliJMfctf>>frlB7 5 v 5^7 ftfliv>* £ k & . 

Ulte^Kk Ogg&tt&flStetBft Ufttf fe s «f IB7 5 >- 
5^tf»fe t *^"£ k J: o T » iKStcjC DT> a- * £ 

[00 10] #iSS»n3 0«£c7)J;5fctT^CC7)-fe^ 
^3 OA. 3 0B-tW^ £cO-feJ?^(SWD5TnIt 

s^j^ti. mLKiammm^my^yjuzi: 

•oX-frMZtlXtS") . #Wa7 7>-^7(±^7h(50^ 

^fc^^fc^KOff^fLSr^rt-S . 4» BS7 9 y 7 ii 

#W7?yy7li «m75v->*5k^ 
• <HSHC. ±IS^7h2fcJ:^TSii$ii, £co^-r 
7 b 2 tca^8fifc*-«*litei»f-S*i4 £ k te i 
^7h2k^fc— *fc^§h.TV^. ^t, # 

iW 1 fflgfc k 1 1 *co±IB^ n «y H 6 

[0011] b)Wto&Mti'*7bni!&&iZJBtm 

±l3fi±#:fcESS^ffikmii LT±i&Si:*£±IB 

f 3 £ k {C i -5 f/l^IWi yt7ht 
ItS^S tl& . JJE£S«^ft»tt^ 7 h 2 OftftJt 

*»fe*>*»S J; d C ^-r7 M4*+IH7-?y ^7f5fllte 

7 o tzffl? t>ivtz ztitznj&t mvmb mm 

^£#1375^7 £±12^7 h±TfflSfHHSt=5r 



«(4) 000-1 52537 (P2000-15I48 



[0 0 12] i'*7htemffi7 1 7y}S5<7MtS£.V*cr> 
jEffltS«<^W*"!"ltiS"C|SI— «SfB ( £ 

fc»&J|S . «<T U 3^ 2 0 

mmx-hh* is-vm±m:L>mzMm&£V*ffi77 

y&±h/V?ii'*7h'\ffi£?$>Cr>*fg3i?* ±3&7? 

ywj&itwitt*. ^*7Y<r>%rjmmk 
$3 k vis- b wism^^^wav^^-rs £ t tz x o 

izm>x^mx*fo&. smfc, ^m?aA<7i^y->^m 
i±Z0>jzoi,z¥-t>x-h&. zo-t&ztizx-yxmsi* 

m^?lz¥ftjmimT3ZftA-tZ>ZbtfX'ZZ. 7k 
3mG4te>"r7 h 2 izmmmMLTii *) . f£&ti#- 

3jgbTv>&. z<nk?%w^mMX'\$i>'*7Vtf i ®s* 



mm$:±t&zbn%^£ofci'v7h*4mmtmiz 
~$-z>#mtfhz>. mm*<o&y-h\mwM&zttLxK 

U *<m&3U±i'^7Y2<?>6^(r>MWi2l<?)o*> 

mm<?)mmmmmzm^L>ti&M.<r)#i 
* « £ fc s . sml ^Eimmifc PNKfc 

mil mm*mko*:~?e>u- ? ^Frasam 
x"h&. 

1 o-* 
2 

3 SSMS'-h 

5 wm7?y*J 

6 Nn-y^ 

7 cf^^y^" 

2 0 KTVy^ 
21 ffltt 

3 0 flMBtir 

30A, 30B -fe^^ 



CHI] 



i(5) 000-1 52537 (P2000-1 5148 



1. Title of Invention 

Electee machine whose rotor is specially adapted to high speeds 

2. Claims 

1. Rotating electric machine, comprising an outer casing forming a support structure holding a 
Btator » said machine comprising a rotor (1) comprising: 

a shaft (2) made hi a single piece of nonmagnetic material mounted by means of bearings (20) on 
the outer casing, said bearings (20) defining an axis of rotation of said shaft, 

an assembly including a plurality of pole pieces (30) surrounding the shaft and permanent 
magnets (4), the pole pieces delimiting between them chambers extending from the surface of the shaft to 
die air gap between rotor and state, said chambers accommodating said permanent magnets (4), 

a lateral flange (5) on each side of said assembly axially, the shaft crossing said flange (5) 
through a central recess provided on said lateral flange, 

at least one tie rod (6) per pole piece, passing through each pole piece and allowing to enclose 
tfacin between the lateral flanges, 

in which said shaft, seen in section perpendicular to the axis of rotation, forms a convex noncircular 
figure, cooperating with said assembly to immobilize it in relative rotation on said shaft 

2. Machine ac cording to Claim 1, in which the shaft, seen in section perpendicular to the axis of 
rotation, forms a convex polygon containing plane fecets separated by edges (21). 

3. Machine according to Claim 2* in which each pole piece, seen m section perpendicular to the 
axis of rotation, has substantially radial edges opposite magnets and, opposite the shaft, forms a re- 
entering angle designed to engage said pole piece on one of the edges (21) of the shaft 

4. Machine according to Claim 2 or 3, in which said assembly contains parallelepipedal magnets 
in direct contact on the plane facets of the shaft (2). 
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5. Machine according to erne of Claims 1 to 4, in which the shaft presents an identical section at 
any axial position between the lateral flanges and opposite the latter. 

6. Machine according to one of Qaims 1 to 5, in which each pole piece contain* a stack of 
ferromagnetic sheets (3), each sheet being roughly perpendicular to the axis of the shaft. 

7. Machine according to one of Claims I to 6, comprising at least one intermediate flange (7), 
each pole piece being divided into several sectors (30A, 30B,.„) aligned socially and separated by an 
intermediate flange, the shaft crossing each intermediate flange through a central recess, each 
intermediate flange being crossed by at least one of said tie rods per pole piece. 

8. Machine according to one of Claims I to 7, cbuacterized in that the stator contains a duct for 
circulation of a coolant 

3. Detailed Description of Invention 

The invention relates to rotating electric machines whose rotor contains permanent magnets. 
More precisely* the invention concerns machines in which the magnets are placed in recesses of the rotor. 

The electric rnrwhmes in question are commonly described by the expression ! Viiji embedded magnets." 

This rotor arrangement principle is widely applied for automatic synchronous machines with flux 
concentration. 

The size of a rotating electric machine depends on its rated load torque. The greater the torque 
that a motor is capable of delivering, the more voluminous the electric motor, everything else otherwise 
being equal. There are, however, applications for which it is desirable to attain both high power and 
great compactness of the motor. To give simply one concrete example, when it is sought to install 
electric traction motors in the wheels of motor vehicles, it is desirable to be able to develop power equal 
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to at least 10 kW per motor and even, most of the time, at least 25 or 30 kW per motor for as low a 
weight as possible, in order not to overload unsprung weights. It is also desirable for the space occupied 
to be very compact, exceeding the interior volume of the wheel as little as possible in order not to 
interfere with the parts of the vehicle in suspension movements and on other types of motion of the wheel 
relative to the "body of the vehicle. • 

Those two imperatives (high power and low weight and space required) make highly 
problematical the installation of electric traction motors in the wheels of passenger vehicles, except to 
radically improve the weigh&fcower ratio of the electric machines currently available on the market 

The choice of a higjx speed for an electric motor is a solution making it possible, at given power, 
to reduce the torque and therefore die space required In other words, for a given motor rating, the 
greater its rated speed of rotation, the less the space it requires. But raising the speed of rotation of a 
rotating electric machine poses numerous problems of mechanical performance that are especially 
arduous, if it is desired to contain the weight and the space occupied by said rotating electric machine as 
much as possible. 

The object of the invention is to propose a rotating electric machine design which makes it 

possible to attain higft speeds of rotation, at least up to 12,000 revolutions per minute, for example, 
without encountering any problem either of torque transmission or of rotor otntrifugation. 

According to the invention, the rotating electric machine, comprising an outer casing forming a 
support structure holding a stater, comprises a rotor comprising: 

a shaft made in a single piece of nonmagnetic material mounted by means of bearings on the 
outer casing, said bearings defining an axis of rotation of said shaft, 

an assembly embodying a plurality of pole pieces surrounding the shaft and permanent magnets, 
the pole pieces delimiting between them chambers extending from the surface of the shaft to the air gap 
between rotor and stator, said chambers accommodating said permanent magnets, 

a lateral flange on each side of said assembly axially, the shaft crossing .said flange through a 
central recess provided on said lateral flange, 
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at least one tie rod per pole piece, passing through each pole piece and allowing to enclose them 
between the lateral flanges, 

is which said shaft, seen in section perpendicular to the axis of rotation, forms a convex noncircular 
figure, cooperating with said assembly to immobilize it in relative rotation on said shaft 

The configuration of the shaft makes possible a torque transmission direct from the pole pieces 
to the shaft, at least in localized fashion or preferably over the whole axial length of the pole pieces. The 
shaft, seen in section perpendicular to the axis of rotation, preferably forms a regular convex polygon, 
containing plane facets separated by edges. Each pole piece, seen in section perpendicular to the axis of 
rotation, then presents generally radial edges opposite the magnets and, opposite the shaft, forms a 
reentsrant angle designed to center said pole piece on one of the edges of the shaft A hexagonal polygon 
is particularly favorable to torque transmission from the pole pieces to the shaft, while ensuring good 
compactness of the shaft 

The invention will be better understood by the description of a non limitative example, referring 
to the attached drawing „ 

Id the drawing ft hexapolar machine is represented, in which the rotor 1, the. shaft 2 and the 
position of the bearings 20 can be seen. Ferromagnetic sheets 3 assembled in six pole pieces 30 are 
visible. Each sheet is roughly perpendicular to the axis of the shaft Let us simply note, in passing, that 
die invention is also useful in the case of solid pole pieces. On both sides of the shaft 2, axially, a lateral 
flange 5 can be seen (preferably of nonmagnetic material), situated on each side of the pole pieces 30. 
Each lateral flange 5 has a central recess, the shape of which is adjusted to that of the shaft 2. One tie rod 
6 per pole piece 30 crosses each stack of sheets 3 and makes it possible to enclose them between the 
flanges 5. Permanent magnets 4 are placed in the chambers between the pole pieces 30. The radially 
outer side 32 of each sheet 3 is an arc of a circle centered on the axis of the rotor. Flanking that side 32, 
two small lugs 33 retain the magnets 4 in centrifugation. Furthermore, the magnets are glued in their 
chamber. 



!(9) 000-1 52537 (P2000-1 5148 



The tie reds 6 transfer the stresses due to the centrifugal force on the lateral flanges 5, The latter 
being perfectly integral with the shaft 2 by their design in a single piece crossed by and adjusted on said 
shaft 2, holding of all the pieces of. the rotor on centrifugation is therefore assured. In that arrangement 
solely Ac tie rods 6 oppose the centrifugal force that the magnets 4 exert on the sheets 3 of each pole 
piece and the centrifugal force that the sheets 3 themselves undergo (the effect due to friction between 
each sheet as well as gluing of the magnets 4 on the shaft 2 being overlooked). The air gap existing 
between the rotor 1 and the stater (not represented) should also be as small as possible in order to keep 
the reluctance of the magnetic circuit as low as possible. Weak reluctance makes it possible to adopt 
smaller magnets for a given rated torque level. Thanks to (hat arrangement, the shaft 2 is very compact* 
for it does not contain any dovetail or similar arrangement intended to keep the pole pieces and/or 
magnets in ccniiifugation. 

To perfect the strength of me sheets on centrifugaoon, it is possible to use one or more 
intermediate flanges 7. The latter are preferably of nonmagnetic material. That limits sheet 
displacements at the cost of a slight increase in axial length of the inactive rotor in order to develop a flux 
in the air gap. It makes it possible to lengthen the rotor very freely, if necessary, by multiplying the 
number of intermediate flanges, while guaranteeing that the small air gap remains compatible with very 
high speeds of rotation. 

Each pole piece 30 is thus divided into several sectors 30A, 30B,... aligned axially and separated 
by an intermediate flange 7, preferably of nonmagnetic material, each intermediate flange 7 having a 
central recess of shape adjusted to that of the shaft The intermediate flange 7 can, on mounting, be very 
easily attached on the shaft 2. Each intermediate flange 7 is, just like the lateral flanges 5, perfectly 
integral with the shaft 2 by its design in a single piece crossed by and adjusted on said shaft 2. Each 
intermediate flange 7 therefore contributes to resisting the displacements (hat centrifugation could cause 
at very high speeds of rotation. Each intermediate flange is crossed by at least one of said tie rods 5 per 
pole piece. 
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Traramission of me torque is secured by the flat bearings provided by the convex polygonal 
shape of the shaft, said flat bearings cooperating with fectta arranged on said assembly in order to 
immobilize it in relative rotation an said shaft. In this way, the torque is directly transmitted between the 
pole pieces and the shaft. Said convex polygonal shape preferably extends over a great length of the 
shaft 2 . It c an be seen in the example illustrating the invention that the shaft contains a convex polygonal 
bearing also opposite each intermediate flange 7, cooperating with facets of complementary shape 
provided on the central recess 70 of each of fee intermediate flanges 7 in order to immobilize it in 
relative rotation on said shaft In addition, the shaft contains a convex polygonal bearing also opposite 
each lateral flange 5, cooperating with facets of complementary shape arranged on the central recess 50 
of each of the lateral flanges S in order to immobilize it in relative rotation on said shaft 

Ihe shaft preferably presents an identical section (polygonal here) at any axial position between 
the lateral flanges 5 and opposite the latter, which maximizes the usefrl length on transmission of torque. 
The shaft is of hexagonal section here over a2most the total axial length between the bearings 20. The 
sheet assembly as well as the lateral and intermediate flanges contribute to transmission of the torque to 
the shaft, which reduces the stresses in said flanges, Let us further note that the polygon design of the 
shaft and the shape of ihe base of the sheets which follow one another facilitate mounting of the motor by 
an easy indexing of the sheets on the shaft 

That arrangement of the shaft in polygonal section, therefore presenting plane facets, is in itself 
very useful in reducing as much as possible the radial space occupied by the rotor. In fact, in that way, 
the bottom of the chamber of each of the magnets 4 is flat That make is possible to insert 
paralleiepipedat magnets without loss of space. The permanent magnets 4 are in direct contact on the 
shaft 2; the latter consists of a single piece; each magnet bears on one of the faces (flat) of the polygon. 
That design principle requires the shaft to be of nonmagnetic material, in order for the shaft not to create 
any magnetic short circuit Each sheet of a pole piece presents a section perpendicular to the axis of 
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rotation having a triangular general course, the apex 31 of which is formed to be exactly centered on one 
ofthe six edges 21 of the shaft 2. 

In order to further improve the compactness of the motor, it can be arranged for the stator to 
contain a duct for the circulation of a cooling liquid, for example, a coolant of the type used for cooling 
heat engines of motor vehicles. Of course, alternators can be built in the same way. 

4. Brief Description of Drawings 

Figure 1 is a perspective showing the rotor of a motor according to the invention. 
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1. Abstract 

The rotating electric machine proposed is of the type with embedded magnets and flux concentration. 
The rotor 1 contains ferromagnetic sheets 3 assembled and retained on the shaft 2 by tie rods 6 
enclosing each pole piece between the lateral flanges 5. The machine contains an intermediate flange 7, 
each pole piece being divided into several sectors 30A, 30B aligned axiaHy and separated by an 
intermediate flange, A hexagonal shaft 2 crosses each intermediate flange through a central recess 70. 
Each intermediate flange is crossed by at least one tie rod 6 per pole piece. 



2. Representative Drawings 
Fig. 1 



